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ABSTRACT

Pre-exposure of Sn,P,Sg to visible light gives rise to a temporary increase of the effective trap density and therefore
improves the photorefractive response. With cw pre-exposure and nanosecond pulse pre-exposure we study temporal
dynamics of the Sn,P,Ss sample transmission to reveal a sequence of processes that result in a desirable sensitization.

Keywords: Low-symmetry photorefractive crystals, nonlinear absorption, optical sensitizing

The pre-illumination of Sn,P,Sq:Sb samples with cw light results in two distinct effects: time delayed transient
photoinduced absorption (photo-chromism) [1], and transient photoinduced scattering (transient beam fanning) [2]. The
second effect is a consequence of light induced enhancement of the photorefractive response. Both effects are well
pronounced in crystals with 1% of Sh; a much smaller effect of sensitizing with considerably different lifetimes of
secondary centers was observed in nominally undoped Sn,P,Sg, tellurium doped Sn,P,Ss:Te 1%, and co-doped
Sn,P,Se:Sh:Te 0.5%, Sb 0.5% samples. Well below the saturation level, the light induced absorption increases linearly
with the intensity of pre-illumination; the overall effect becomes weaker with an increasing wavelength of pre-illumina-
tion. A typical lifetime of the secondary photorefractive centers does not depend on the preillumination light wavelength
and falls into a range from 10 to 20 s for different samples and for different wavelengths of preillumination. The
characteristic decay time of the defect centers responsible for photoinduced absorption is much smaller at ambient
temperature for pre-illumination with green light. While the reliable data for other pre-illumination wavelengths are not
available at present, it is clear that the photoinduced absorption always decays faster than the secondary photorefractive
centers. From these findings it is concluded that the time delayed photoinduced absorption and photoinduced sensitizing in
Sn,P,Se:Sh develop due to at least two different types of defect centers.

The detailed description of the experiments with cw pre-illumination is given in [3]. Figure 1 shows a representative
example of the temporal variation of sample transmission for a He-Ne laser probe beam. The points A and B mark the
moments when green light is switched on and off, respectively. A weak probe beam illuminates the sample well before t =
0, and its intensity is partially reduced because of regular beam fanning; this steady-state value of intensity is taken as a
reference level I, = 1.0. After the onset of the pre-illumination beam, the sample transmission drops dramatically. A very
fast (within a fraction of second) initial decay is followed by a much slower process that saturates approximately in one
minute. When the green beam is switched off, the light induced absorption starts to decay rapidly. The transmitted
intensity does not immediately return to its reference level I, = 1.0, because of a strong light induced scattering (beam
fanning) that develops and leads to a new (transient) depletion of the red probe beam [2,3]. Finally, all processes of
population redistribution among the levels of various defect centers terminate, and the sample returns to its initial state
with the transmission I,, = 1.0. C, D, and E represent the points of partial decay of extinction, strongest nonlinear
scattering, and recovery to the initial transmission, respectively.
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Figure 1 Temporal variation of the red testing beam intensity in response to green lightexposure for a 2mm-thick sample
of Sn,P,Se:Sh 1%.The intensity of the red probe beam is 55 mW/cm?, while the intensity of the green auxiliary beam is 3
KW/cm?,

In this study, we deliberately used a ns pulse pre-exposure to detect the possible sequence of processes related to the
appearance of an increased effective trap density in SPS:Sb with better temporal resolution. A frequency tunable OPO
(Panther EX) pumped with the third harmonic of a Q-switched Nd*:YAG (Continuum) laser was used as a pre-
illumination source, while a cw 633 nm diode laser (DL633-025) served as a probe. Figure 2 shows the temporal
dynamics of a 2 mm-thick Sn,P,Ss:Sh 1% sample transmission within the range of time variation that covers 10 orders of
magnitude after the beginning of pre-exposure. Four processes, well separated in time, have been revealed: (i) monotonic
increase of the sample absorption during the entire time of pre-exposure (= 15 ns pulse), i.e., formation of the first
maximum of extinction, (ii) complete decay of the initial nonlinear absorption and even a partial sample “bleaching”
within the time up to = 1-2 ms after pre-illumination, (iii) development of the second maximum of extinction within the
time interval ~2-60 ms, and (iv) return of the sample transmission to its steady-state value within a fraction of a second.
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Figure 2. Temporal variation of the cw probe beam (633 nm) intensity transmitted through the Sn,P,Sg sample during and
after pre-illumination with 15 ns pump pulse (532 nm). The upper red line shows initial intensity of the probe beam, while
the lower red line represents the steady-state intensity which is smaller because of partial exhaustion due to self-induced
beam fanning. The intensity of the red probe beam is 0.6 W/cm?, while the peak intensity of the green pre-exposure pulse
is 3 kW/cm?.
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The contrast of the two minima in transmission follow the pre-exposure pulse intensity linearly for Iy < 1 kW/cm? and
saturates for larger intensities. For large intensities, these contrasts are independent of the pre-illumination pulse
polarization while they are sensitive to the probe polarization. This difference is especially large for the second extinction
maximum: for probe light polarized linearly along the x-axis a much stronger drop of sample transmission is observed as
compared to light polarized along the y-axis. It is established that processes (i) and (ii) are not affected by the variation of
the probe beam intensity, while the time delay of second extinction maximum as well as its rise time and decay time do
depend on intensity of the probe. All these particular features of the second extinction maximum suggest that the process
is rather photorefractive not photochromic in nature. Fortuitously, we discovered one more argument in favor of this
attribution when working in a rep. rate mode of pre-illumination, where every next green pulse entering the sample at
approximately the second extinction minimum. After each pulse the sample transmission jumped within a millisecond to
the transmission level that corresponds to time delay = 1 ms in Fig. 2, and then the process (iii) develops until the next pre-
exposure pulse arrives. This means that green pulse erases at first the most part of the light induced scattering and triggers
simultaneously a normal sequence of processes shown in Fig. 2. In time traces of transmission dynamics that include
several consecutive green pulses a limited temporal resolution does not allow for observing fast process (i) but process (ii)
and (iii) are seen quite well.

The measurements like that shown in Fig. 2 have also been conducted with a nominally undoped Sn,P,Sg sample. They
showed a similar behavior with the formation of the light induced absorption during the pre-illumination pulse, and a
subsequent return of transmission to its initial level after 10° s; however, no other minima are observed for longer
observation times. This qualitative difference might suggest a conclusion that the short-living centers responsible for the
first minimum of light induced absorption are the intrinsic defect centers of the crystal itself, while longer living centers
responsible for the second minimum of transmission in Fig. 2 are related to the antimony doping. The second conclusion
is in line with our published data on the identification of secondary centers in Sn,P,Ss:Sh using the EPR technique [4].
Recently identified intrinsic small polarons (Sn** ions) in Sn,P,Sg crystals with a very small (<100 meV) activation energy
[5] are reasonable candidates for being responsible for the fast light-induced absorption.

Finally, a comparison of cw and ns pulse pre-exposure techniques allow for concluding that the cw pre-illumination
method is much more efficient for the generation of a sufficient effective trap density and thus for optical sensitizing of
photorefraction in antimony doped Sn,P,Sg crystals.
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